Background: A few simple and pre-procedural risk models have been developed for predicting contrastinduced nephropathy (CIN), which allow for early administration of preventative strategies before coronary angiography (CAG). The study aims to develop and validate simple pre-procedure tools for predicting risk of CIN following CAG. Methods: We retrospectively analyzed the data from 3,469 consecutive patients undergoing CAG, who were randomly assigned to a development dataset (n=2,313) and a validation dataset (n=1,156). CIN was defined as an increase in serum creatinine (SCr) ≥0.5 mg/dL from baseline within 72 hours after CAG.
Introduction
Contrast-induced nephropathy (CIN) has been previously shown to be associated with increased cardiovascular events and mortality following exposure of contrast medium during coronary angiography (CAG) (1, 2) . Current guidelines recommend intravenous hydration, use of low-or isoosmolar contrast media, and reduced volume of contrast agents, as prevention strategies for CIN (3, 4) . Meanwhile, pre-procedural identification of patients at risk for CIN would be of immense value in targeting prophylactic therapy to those at high risk (5) .
Studies have reported several models of prediction for CIN following CAG (6, 7) . However, simple preprocedural risk models validated by the downstream effects of decision making and patient outcomes have not been explored for clinical guidance (7) . Therefore, in the present study, we intended to develop a simple preprocedure risk model of CIN.
Methods

Study population
According to our institution's protocol, we enrolled consecutive patients undergoing CAG or PCI between January 2010 and October 2012. The details of the inclusion and exclusion criteria were described previously (8, 9) . The Guangdong General Hospital Ethics Committee approved the study, and written informed consent was obtained from all patients. Finally, 3,469 patients were included in the retrospectively analysis.
Definitions and follow-up
CIN 0.5 was defined as an elevated serum creatinine (SCr) level >0.5 mg/dL of baseline SCr level within 72 hours after CAG (10) . The definitions of anemia, hypotension, and congestive heart failure (CHF) were the same as those in Mehran's study (11) .
Follow-up major adverse clinical events (MACEs) were carefully monitored and recorded by trained nurses through office visits and telephone interviews at 1, 6, 12, 24, 36, and 48 months after CAG. MACEs included death, re-nonfatal acute myocardial infarction (re-AMI), target vessel revascularization (TVR), CI-AKI requiring renal replacement therapy (RRT), stroke, and re-hospitalization after index hospitalization.
Model development and model validation
A total of 3,469 eligible patients from the entire database were randomly established into a development dataset (n=2,313) and a validation dataset (n=1,156) in a 2:1 manner. After identifying the associations of clinical baseline and key procedural characteristics with CIN, independent predictors of CIN were analyzed in the development dataset. Risk factors that were significant in the univariate analysis were available for selection in the final mode. Age >75 years, hypotension, acute myocardial infarction (AMI), SCr ≥1.5 mg/dL, CHF were identified as independent pre-procedural predictors of CIN. The risk score was established subsequently and tested in the validation dataset. Model discrimination and its predictive performance for the occurrence of CIN and its short-and long-term outcomes were assessed via comparisons with Mehran's score and ACEF score (12) .
Statistical analysis
The association between CIN and variables in the development group was evaluated using univariable logistic regression analysis. A stepwise multivariable logistic regression analysis was then performed to identify independent predictors of CIN. For all logistic regression analysis models, odds ratios (OR) with 95% confidence intervals (95% CI) were calculated. The variables that were independently and significantly associated with CIN in the final multivariable model were assigned a weighted integer coefficient value based upon its beta value. Therefore, a risk score model was constructed where the final risk score for each patient represented the sum of integer coefficients. The risk score was tested in the validation dataset. Model discrimination was assessed by the goodness-of-fit Hosmer-Lemeshow statistic, and its predictive performance was assessed with the c-statistic. Continuous variables were presented as mean ± standard deviation (SD), and as percentages for categorical data. The differences between groups for continuous variables were analyzed by using independent Student's t-test. Comparisons between categorical variables were performed with the Pearson χ 2 test or Fisher's exact test. The tendency test of the risk score was analyzed by the Cochran-Armitage trend test. Survival curves were generated with the Kaplan-Meier method, and the differences between groups were assessed by log-rank test. A P<0.05 (2-sided) was considered to indicate statistical significance. The IBM PASW-SPSS Statistics 22.0 statistical software package (SPSS Inc., Chicago, IL, USA) was used for all calculations with an exception of area under the curve (AUC) comparison for which MedCalc 11.4 Statistical Software (MedCalc Software, Mariakerke, Belgium) was used.
Results
Baseline characteristics
The cumulative incidence of CIN was 115 (3.32%) in the whole study population (n=3,469), with 74 (3.20%) occurring in the development dataset. Overall (Table 1) , the mean age was 62.9±11.1 years old, and there were 807 (23.3%) females. The mean baseline SCr level was 1.04±0.48 mg/dL, whereas 291 (8.4%) of patients presented creatinine levels≥1.5 mg/dL. Suffering hypotension (20.0% vs. 2.0%, P<0.001), anemia, AMI, and CHF also showed significant difference between the CIN group and non-CIN group. Laboratory measurements such as B-type natriuretic peptide (BNP), serum urea nitrogen, and uric acid were remarkably higher in the CIN group when compared with the non-CIN group, along with procedural characteristics contrast volume and hydration volume. There were no intergroup differences in terms of gender and a medical history of previous myocardial infarction (MI), diabetes mellitus (DM), or hyperlipidemia. In addition, the comparison of the baseline clinical and procedural characteristics in the development dataset defined by CIN 0.5 is listed in Table 2 .
Univariable logistic regression models and multivariate model
Univariable logistic regression models associated with CIN are shown in Table 3 . A total of 12 pre-procedural variables were analyzed in the development of CIN. The significant correlates included demographics (age >75 years, weight, and heart rate) and medical history such as hypertension, hypotension, AMI, anemia, CHF, use of IABP as well as history of smoking, and laboratory findings for SCr.
The multivariate model of CIN predictors was obtained from all 2,313 patients in the development dataset with no missing co-variate values. Age >75 years, hypotension, AMI, SCr ≥1.5 mg/dL, and CHF were identified as independent predictors and demonstrated to be markedly associated with CIN ( Table 4 ). The Hosmer-Lemeshow statistic for the multivariable model did not suggest a lack of fit (χ 2 =4.913, P=0.178).
Development of risk score
The incidence of CIN by risk score assignment is depicted in Figure 1 , with significant trends across increasing score values for predicting CIN (Cochran Armitage chi-square, P<0.001). Based on the obtained frequencies of CIN in relation to different risk scores, 2,313 patients in the development dataset were further categorized into 3 groups: low risk (n=17, 0.9%), moderate risk (n=31, 8.1%), and high risk (n=26, 27.1%), while corresponding to risk scores of <2, 2 to 3, and ≥4, respectively (Figure 2 ).
Validation and comparison of risk score
CIN occurred in 41 (3.55%) of the 1,156 patients in the validation dataset. The rates of CIN in the validation set presented in parallel to those in the development set inside each of the 3 risk groups (Figure 2) . The developed CIN model demonstrated similar discriminative power ( Figure 3) with respect to the incidence of CIN in the validation population (c-statistic =0.829) when compared with Mehran and ACEF score.
The mean follow-up time was 2.31±0.93 years (median, 2.18 years; interquartile range, 1.64-3.04 years). The impacts of short-and long-term outcomes in the development and validation datasets according to risk strata are shown in Figure 4 , and the comparison of the risk scores on outcomes was also conducted ( Table 5 ). The present risk score model as assessed in the validation population by the c-statistic demonstrated an even higher predictive accuracy on outcomes compared to Mehran, ACEF risk scores ( Figure 5) , and the calibration ( Figure 6 ). The predictive accuracy for short-and long-term outcomes in the 3 risk scores shows no significant P value, except for in-hospital MACEs (Chen score vs. Mehran score, P<0.05). All risk scores performed with excellent discriminative power and with no significant difference for predicting mortality (c statistics: 0.757 to 0.937), especially in-hospital mortality (c statistics: 0.866 to 0.937). In addition, all 3 risk scores also had good predictive accuracy for long-term MACEs with c-statistics ranging from 0.696 (Mehran) to 0.759 (ACEF).
As shown in Figure 7 , patients with high risk score (≥4) presented with a higher rate of all-cause death than patients with a moderate [2] [3] and low risk score (<2) according to log-rank analysis. Significant increases in follow-up mortality rate were observed with increment of risk score (χ 2 =89.23, P<0.001).
Discussion
According to retrospective analysis of the single center data among patients undergoing CAG, we established one simple and precise CIN risk assessment tool with pre-procedural key variables including old age, high SCr, hypotension, CHF, and AMI. Compared to classical Mehran and ACEF scores, the new, simple, and pre-procedural risk score across the validation dataset exhibited similar discrimination and predictive ability for the risk of CIN and mortality.
With the growing trend towards minimally invasive diagnostic and interventional procedures with contrast, there has been a concomitant rise in the incidence of CIN (10) . CINs have been associated with increased risk of adverse clinical outcomes, including more complex complications and death (1). Because we lack effective therapies for CIN, the establishment of useful prediction models for CIN would be important and instrumental in prevention. Many studies searching for a prediction model of CIN were performed worldwide in an attempt to help identify those patients at high risk who might benefit from peri-procedural strategies that protect the kidney or improve pre-intervention counseling (11, (13) (14) (15) (16) (17) (18) (19) (20) (21) . In a recent systematic review, models using preprocedural variables performed decently with similar results to those of models that incorporated post-procedural variables (22) . Our pre-procedure also showed good performance despite lacking post-procedural variables. Chen et al. established 1 preprocedural score for risk of CIN after PCI with good predictive value (c-statistic: 0.82), but the score system included 9 variables, which was more complex than ours. Risk factors lacking the validation and improvement of downstream effects make it challenging for a clinician to select the ideal model in practice. Further research is needed to evaluate the effect of their implementation in clinical care.
Most CIN risk models were developed with definitions of CIN 0.5 (increase ≥0.5 mg/dL in SCr) and CIN 25 (increase ≥25% and/or >0.5 mg/dL in SCr) (11, (13) (14) (15) (16) (17) (18) (19) (20) (21) 23) . A large collaborative registry that included 58 957 patients undergoing PCI suggested that the definition of CIN (increase ≥0.5 mg/dL) is superior to ≥25% increase in SCr for identifying patients at a greater risk of adverse renal and cardiac events among patients undergoing PCI (20) . In addition, the combined CIN (increase of ≥25% or absolute 0.5 mg/dL creatinine levels) was not significantly correlated with long-term mortality in patients without CKD (21) . Therefore, we chose CIN 0.5 (increase ≥0.5 mg/dL in SCr) as the endpoint for a risk model with more prognosis value Advanced age and worse renal function (CKD) were common risk factors for CIN following CAG (11) . Recent studies showed that adequate hydration appeared to have a very low risk of CIN following angiography among patients with CKD and CHF. The HYDRA Study showed that evaluation of pre-procedural hydration status allowed higher volume expansion with reduced risk of CIN; thus, a personalized hydration volume could be a more reasonable strategy for the prevention of CIN in the future (24, 25) . Among patients with CHF, renal vasoconstriction and medullary hypoxia play an important role in the development of CIN. In addition, the effective circulatory volumes are lower in patients who have diminished left ventricular function. The patients were likely to have kidney hypoperfusion with hemodynamic instability, high degree of inflammatory status in the body, along with an inflammation status, endothelial dysfunction, and oxidative stress, that were contributing to the development of CIN. Our new score also included AMI as an independent predictor of CIN following CAG (19, 26) .
The patients with diabetic nephropathy undergoing CAG had a very high risk of developing CIN (27) . Assareh's study also found that CIN is a common problem in patients with diabetic nephropathy undergoing CAG (28) . Peripheral arterial disease (PAD) was also considered as a risk factor (6, 15, 16) , but it did not appear to be associated with CIN in our data, which is more consistent with Mehran and Gurm's studies (11, 18) .
Limitations
Several limitations exist in the present study. First, since this prospective, observational study was conducted in a single center, further research is needed to evaluate the effect of their implementation in clinical care. Secondly, the CrCl was calculated with the Cockcroft-Gault formula, rather than measured directly. Thirdly, variations in our measurement times might have given rise to missing post-procedure peak SCr levels. Furthermore, half of the patients were discharged 3 days after the CAG, so Scr concentrations were not measured on day 3 in these patients. Variation in the measurement times may have led to overlooked peak levels of the SCr post procedure, which may have also led to an underestimation of the true incidence of CIN in the current study population. At last, poor patient compliance led to a high rate of follow-up loss, which may have affected the results about clinical adverse outcomes during follow-up, and may have influenced the significance of the analysis.
Conclusions
The present study established a simple risk score, which included only 5 key pre-procedural variables with excellent predictive and high discriminative ability, even when compared with classical Mehran and ACEF score, for predicting CIN and short-and long-term outcome in patients before CAG. This could benefit timely administration of pre-procedural preventions. However, the value of the pre-procedural risk model needs to be evaluated in large scale multicenter trials in the future. 0  20  40  60  80  100  0  20  40  60  80  100  0  20  40  60  80  100   0  20  40  60  80  100  0  20  40  60  80  100  0  20  40  60  80  100 100-specificity 100-specificity 100-specificity 100-specificity 100-specificity 100-specificity 
